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(54) Method and device for laser welding of two or more overlapped metal sheets, and sheet 
clamping device therefor 



(57) Two or more metal sheets (1. 2), at least one 
of which has a protective layer made of material having 
a low vaporization temperature, are welded to each oth- 
er by means of a laser beam after that a gap (G-j) has 
been provided between the sheets to enable the va- 
pours of the protective material which are created during 
welding to escape. The gap (G,) is obtained by exploit- 
ing the elastic retum of one of the sheets starting from 
an elastically deformed condition In which this sheet is 
brought following the engagements of the device (5) 
which is used to damp the sheets (1,2) with each other 
during welding. In a first stage, the clamping device (5) 
is closed to bring the sheets in complete contact with 
each other, by causing the above-mentioned elastic de- 
fomiatlon of one of the sheets, In a second stage, the 
clamping device is opened again by a limited extent, un- 
til a predetermined position is reached, so as to define 
a gap (Gi) between the sheets having substantially pre- 
detemnlned dimensions. 



FIG.4 
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Description 

[0001] The present invention relates to a method and 
a system for laser welding of overiapped metal sheets. 
[0002] The welding of overlapped metal sheets by 
means of a laser fc>eam has been already proposed 
since a long time, particularly in the automotive industry, 
for the production of motor-vehicle bodies or parts there- 
of, in lieu of the more conventional electric spot welding. 
After an initial increasing spread of the laser welding 
technique approximately starting from 1990 (see for ex- 
ample European patent EP-B-0 440 001 in the name of 
Comau), the application of this technology in the auto- 
motive industry has seen a stop due to the increasing 
use in a motor-vehicle bodies of zinc plated sheets, I.e. 
sheets coated with a protective zinc layer for example 
deposited by galvanization in motor-vehicle bodies. Zinc 
has a melting temperature of 419'*C. and a vaporization 
temperature of 906**C, whereas the steel forming the 
sheet typical as a melting temperature around 1530°C. 
In order to weld the sheets, it is necessary to bring the 
steel of which they are constituted to melting, which 
means that the welding is carried out in the presence of 
zinc vapours. In the case of electric spot welding, the 
vapours do not give rise to any substantial drawbacks, 
since the steel of the sheets begins to melt at the contact 
area between the sheets (because this area is that hav- 
ing the highest electric resistivity) and due to that the 
welding electrodes apply also a pressure on the sheets 
which causes the espuislon from the contact area of the 
sheets of any quantities in ecess of the melting bath and 
the zinc vapours, in the case of laser welding, instead, 
the meiting bath starts to be created at the outer surface 
of the sheet where the laser beam is directed. As soon 
as the area of the melting bath, which typical assumes 
a Iceyhole-shaped form, extends down to the contact ar- 
ea Isetween the sheets, the zinc vapours meanwhile cre- 
ated at this area escaped outwardly through the route 
of least resistance, constituted by the melting bath. 
Therefore, spray of melted metal occur which jeopardize 
the quality and strength of the welded joint, as well as 
the aesthetlcal appearance of the product thus ob- 
tained. 

[0003] Various solutions have been proposed In the 
past in the endeavour to overcome the above-men- 
tioned drawback. A first solution is to nrKxJify the shape 
of at least one of the sheets at the welding area so as 
to define a gap between the overiapped sheets which 
can be esploited by the zinc vapours to escape upwardly 
(see for example US-A-4 682 002 and US-A-4 916 284). 
A similar solution lies in providing spacing elements be- 
tween the sheets, again in order to define a gap for evac- 
uation of the zinc vapours (WO-A-99/08829, JP-A- 
5318155). All the above-indicated known solutions have 
the drawback however to require that an additional op- 
eration is earned out with respect to the conventional 
work cyde, since it is necessary to form the above-men- 
tioned spacing deformed portions in the sheets or any- 



how to apply additional elements thereto, which increas- 
es time and costs of production. 
[0004] The object of the present invention is that of 
overcoming the above-described technical problem in a 

5 simple and efficient way. 

[0005] In order to achieve this object, the Invention 
provides a method for laser welding of two or more metal 
sheets which are overiapped to each other, 

wherein at least one of the sheets has a protective 

10 layer on its surface in contact with the other sheet, said 
protective layer being of a material having a temperature 
of vaporization lower than the melting temperature of the 
material forming the sheet, 

wherein the sheets to be welded are clamped to 

15 each other during the welding operation with the aid of 
clamping means which are movable t>etween an inop- 
erative condition and an operative condition in order to 
press the overiapped sheets against each other, and 
wherein welding is carried out by directing a laser 

20 beam at the welding area of the clamped overiapped 
sheets, 

said method being characterized in that: 

at least one of the sheets is shaped or arranged so 
25 that when the clamping means are brought from 
their inoperative condition to their operative condi- 
tion, in which they press the sheets against to each 
other, this sheet undergoes an elastic deformation 
from a rest condition in which a gap Is defined be- 
30 tween this sheet and the adjacent sheet, to a de- 
fomned condition in which this gap is nullified and 
the sheets are completely in contact with the each 
other at the welding area, and 
in that before carrying out the welding operation, the 
35 clamping means are controlled according to the fol- 
lowing sequence of stages: 

in a first stage, the clamping means are brought 
from their inoperative condition to their opera- 
40 tive condition, so as to insure the complete con- 

tact between the welding sheets through said 
elastic deformation. 

In a second stage, the clamping means are 
moved back towards their inoperative condi- 

45 tion. by a predetermined iirriited length, so as 

to create again a gap of substantially predeter- 
mined dimensions between the sheets to be 
welded, by exploiting the elastic return of said 
sheet which has been elastically deformed in 

50 the fist stage, 

the clamping means are kept In the condition 
reached there by while welding is carried out, 
so that the vapours of protective material which 
are created during welding can escape through 

55 said gap. 

[0006] Due to the above-mentioned features, the 
method according to the invention is able to successfully 
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overcome the problem of the evacuation of zinc vapours 
which are created during laser welding of overlapped 
zinc-plated sheets. As in the case of the above-men- 
tioned prior art, the vapours are let to escape through a 
gap defined between the sheets, so that the vapours are s 
not encouraged to pass through the melting bath, which 
would give origin to the above-mentioned drawbacks. 
However, while in the case of the prior art the gap for 
evacuation of the vapours is obtained by a permanent 
deformation of at least one of the sheets before welding io 
is can-led out, or by the introduction of spacing elements 
between the sheets, in the case of the present invention 
the sheets are not subjected to any permanent defor- 
mation, nor spacing means are provided there between. 
As a matter of fact, in the case of the invention, the elas- 
tic return is simply exploited of at least one of the sheets 
from the condition of complete contact, in which this 
sheet Is temporarely brought by the clamping means by 
exploiting the elastic deformability of the sheet, to a less 
deformed condition which is reached by partially open- 20 
ing again the clamping means until a predetermined po- 
sition is obtained. In this manner, it is possible to ensure 
that a gap between the sheets of substantially predeter- 
mined dimensions is obtained, which is exploited by the 
zinc vapours to escape outwardly, without passing 25 
through the welding melting bath. 
[0007] in the preferred embodiment of the invention, 
the above-mentioned clamping means are provided 
with sensor means adapted to detect when the condition 
of complete contact of the sheets is reached at the end 30 
of the above-mentioned first stage. These sensor 
means can be constituted by any type of direct or indi- 
rect sensor adapted to detect when this condition is 
reached, such as force or pressure sensor (which de- 
tects when a threshold value is passed) or a sensor of 35 
the speed of the movable part of the clamping means 
(which detects when this part is stopped) or a sensor of 
movement or a sensor of the electric cun-ent absorbed 
by the electric motor which controls the clamping device 
(in case this device is electrically actuated) or any other 4o 
known type of sensor. 

[0008] Also in the case of the above-mentioned pre- 
ferred embodiment, the clamping means comprise at 
least a movable member which is movable between an 
inoperative position and an operative position by actu- ^5 
ating means which are controlled in position. 
[0009] Naturally, the invention is also directed to the 
welding system used in the method according to the in- 
vention, 

said system comprising: so 

clamping means for clamping the sheets to be weld- 
ed with each other while welding Is carried out, said 
welding means being movable between an Inoper- 
ative condition and an operative condition to press ss 
the overiapped sheets against each other, and 
laser welding means adapted to direct a laser beam 
at the welding area of the clamped overlapped 



sheets, 

said system being characterised in that: 

at least one of the sheets is shaped or arranged 
so that when the clamping means are brought 
from their inoperative condition to their opera- 
tive condition, in which said clamping means 
press the sheets against each other, this sheet 
undergoes an elastic deformation from a con- 
dition in which between this sheet and the ad- 
jacent sheet there Is defined a gap. to a de- 
formed condition, in which this gap is nullified 
and the sheets are completely in contact with 
each other at the welding area, and 
in that said device further comprises actuated 
means for actuating said clamping means, 
which are controlled according to the sequence 
of stage which has been described above. 

[0010] In the preferred embodiment of the system ac- 
cording to the invention, the clamping means are pro- 
vided, as already indicated, with sensor means adapted 
to detect when the condition of complete contact of the 
sheets is reached, and said actuating means are con- 
trolled by control means which causes the clamping 
means to be stopped at the condition of complete con- 
tact of the sheet at the end of said first stage. 
[0011] According to a further feature, the clamping 
means comprise at least a movable member which is 
movable between an imoperative position and an oper- 
ative position, and said control means cause the mova- 
ble memt>er to be stopped at the end of said second 
step when they detect that a predetermined position is 
reached. 

[001 2] The actuating means may comprise an electric 
motor or a fluid actuator or a piezoelectric actuator or a 
shape memory alloy actuator or any other means. 
[0013] According to a further aspect, the invention is 
also directed to the clamping device perse which is used 
in the method according to the invention. The clamping 
device according to the invention is characterised in that 
it comprises: 

at least one clamping movable member movable 
between an inoperative condition and an operative 
condition to press the overiapped sheets against 
each other, 

actuating means for actuating the clamping mova- 
ble member, 

sensor means adapted to detect a condition in 
which the clamping device holds the sheets In com- 
plete contact which each other, 
control means which receive signals from said sen- 
sor means and controls actuating means so that: 

in a first stage, the clamping memt>er is brought 
from its Inoperative condition to its operative 
condition and stopped when reaching is detect- 
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ed of the condition in which the clamping device 
Iceeps the sheets in complete contact which 
other, 

in a second stage, the damping member is 
moved back towards its inoperative condition, 
through a limited length, until reaching a prede- 
termined position signalled by said sensor 
means. 

[0014] Further features and advantages of the inven- 
tion will become readily apparent from the following de- 
scription with reference to the annexed drawings, given 
purely by way of non limiting example, in which: 

Figure 1 is a diagrammatic side view of two zinc- 
plated steel sheets which are to be welded by the 
method according to the invention and a clamping 
device used in the method, shown in its inoperative 
condition. 

Figure 2 shows the same parts of figure 1 , but with 
the clamping device in Its operative condition. 
Figure 3 is a view taken along line Ill-Ill of the figure 
2. 

Figure 4 shows a subsequent stage of the method 
according to the invention, 

Figure 5 is a block diagram which shows the weld- 
ing system according to the invention. 
Figure 6 is a diagrammatic and partial side view of 
a motor-vehicle body to which the method accord- 
ing to the invention is applied. 
Figure 7 is a diagrammatic cross-sectional view, at 
an enlarged scale, taken along line Vil-VII of figure 
6, with the clamping device shown in its inoperative 
condition, and 

Figures 8, 9 show the same structure of figure 7 in 
two subsequent stages of the method according to 
the invention. 

[001 5] Figures 1 -5 provide a first diagrammatic repre- 
sentation of the method according to the invention. In 
these figures there are shown two steel sheets 1 , 2 each 
provided with a zinc protective layer, respectively des- 
ignated by la and 2a. The drawings only show the por- 
tion of the sheets adjacent to the area where these 
sheets must be welded to each other. To this end, the 
sheets 1 , 2 have two flanges 3, 4 which are to be welded 
to each other in an overlapped position by means of a 
laser t)eam. Figures 1-4 only show, beside the sheets 
to be welded 1, 2, a clamping device 5, which is for 
clamping the flanges 3, 4 of sheets 1, 2 to each other 
for carrying out welding. These figures do not show in- 
stead the means for welding tipically consisting of a de- 
vice for focusing a laser t>eam which is directed on the 
two fiariges 3,4 at the welding area. 
[0010] As it will be illustrated with reference to figure 
6, flanges 3,4 are tipically clamped by means of a plu- 
rality of clamping devices 5, while the laser bean is dis- 
placed relative to the sheets at the area between the 



clamping devices 5, so as to provide laser welded sec^ 
tions W. In figure 1 there is only diagramatlcaly shown 
an arrow L which indicates the direction of the welding 
laser beam on the sheets. The details of construction of 

5 the laser welding device and of the means for moving 
the laser beam with respect to the stucture to be welded 
are not illustrated here, since they can be made in any 
known way and since these details, taken alone, do not 
fale within the scope of the invention. The deletion of 

10 these details from the drawings further renders the latter 
simpler and easier to understand. The same applies to 
the construction of the clamping device 5. Clamping de- 
vices of this type are normally used In the automotive 
Industry for clamping the metal sheets constituting a car 

15 body while a conventional electric spot welding is car- 
ried out.The specific arrangement of the clamping de- 
vice may widely vary, depending upon the shape of the 
sheets to be clamped and the application means, the 
clamping device 5 usually has a structure 6 defining a 

20 reference and supporting plane 7 of one of the sheets 
(in the illustrated case for supporting flange 4 of sheet 
2) and a clamping moveable member 8 which is pirotaliy 
mounted around an axis 9 on the structure 6 between 
an opened inoperative position (figure 1) and a closed 

25 operative position (figure 2). An example of clamping 
device may be found in the European Patent EP-B-0 
909 607 in the name of Comau spa. This structure 6 can 
be fixed, or also provided with the possibility of a limited 
movement for self-centering of the clamping device on 

30 the. area of the structure to be welded. Further more, 
obviously, it is possible that the clamping device com- 
prises a second moveable member which is moveable 
between an inoperative position and an operative posi- 
tion for defining the support 7. 

35 [0017] Figures 1-4 do not show the actuating means 
which drive the movement of the movable member 8 of 
the clamping device 5. These actuating means are des- 
ignaited by 10 in the block diagram of figure 5. The most 
usual technique used for actuating the clamping devices 

40 is the use of fluid cylinders. However, also clamping de- 
vices have been developed having an electric actuation. 
These devices tipically comprise an electric motor 
whose output shaft is connected by means of a reducing 
gear unit to the movable member of the clamping de- 

45 vice. This, solution may be particulariy advantageous in 
the case of the embodiment of the invention which is 
shown here even, if the possibility is not excluted to use 
actuating means constituted by fluid cylinders or actua- 
tors of any other type, as specified above. 

50 [0018] With reference to figure 5, with the clamping 
means 5, and more specifically with the movable mem- 
ber 8 of the clamping device there are associated, in the 
case of the specific illustrated example, both a force or 
pressure sensor 11 and a position sensor 12. Also the 

55 details of construction and the arrangements of sensors 
11 , 12 are not shown here, since these sensors may be 
made in any known way. The position sensor may be 
associated both directly with the moveable member 8 
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and with any element of the kinematic chain which con- 
nects the actuading means to the movable member 
Sensors 1 1 , 1 2 are able to send output signals to an elec- 
tric control unit 13 which controls the actuating means 
10 according to the signals received from sensors 11, s 
12 and according to a prediterminated logic which will 
be decribed In the following. 

[0019] Also with reference to figure 1, an essential 
feature of the invention lies in that at least one of the 
sheets to be welded (sheet 1 in the case illustrated here) io 
is shaped or an^nged such that it is elastically de- 
formed, following the engagement thereon of the clamp- 
ing member 8, from a rest condition, in which a gap G 
Is defined between the overlapped flanges 3,4 of sheets 
1 ,2, to a condition In which gap G is nullified and flanges 15 
3,4 are completely in contact with each other (figure 2, 
figure 3). 

[0020] Naturally, the shape of the sheets which is 
shown in the annexed drawings is given purely by way 
of non limiting example. This shape may be also com- 20 
pletety different, while the fact remains that at feast one 
of the sheets must undergo an elastic deformation fol- 
lowing closing of the clamping device and that G must 
be defined t>etween the overlapped sheets when the 
obove mentioned elastic defomiation has not yet talcen 25 
place. 

[0021] According to the invention, after that the two 
sheets 1 ,2 have been arranged in the opened clamping 
device 5, as shown In figure 1, the control means 13 
control the actuating means 10 so as to cause closing 30 
of the clamping device 5 and up to the condition of com- 
plete contact between flanges 3,4 (figures 2,3). This 
condition is detected when the pressure sensor 11 in- 
forms the control means 13 that a predetermined level 
of pressure has been reached. This condiction is 35 
achieved, as already indicated, following an elastic de- 
formation of sheet 1. In practice, in the case of the spe- 
cific illustrated embodiment, flange 3 of sheet 1 has its 
edge 3a in coctact with the flange 4 and has a slant up- 
ward direction starting from this edge. The pressure ap- 40 
plied by the clamping member 8 causes the elastic de- 
formation, since the latter forms part of a more complex 
structure (see for example figure 6) wich does not allow 
sheet 1 to rotate arround the conctact area on the sheet 
4. 45 
[0022] Once the condition of the complete contact of 
flanges 3,4 has been reached (figure 2) the control 
means 13 control the actuating means 10 so has to 
move the clamping member 8 back towards its inoper- 
ative position through a limited length, until reaching a so 
predetermined position (figure 4) in which the two flang- 
es define a gap G^ of substantially predetermined di- 
mensions. 

[0023] This position is identified by control means 13 
with the aid of the position sensor 12, In the case of the 55 
illustrated example, this result is achieved by providing 
the member 8 with a main part 8A and an active part 8B 
slideable with respect to the main part 8A. However, it 



is conceivable to obtain the required result by rotating 
the entire member 8 backwardly. 
[0024] Once the condition illustrated in figure 4 has 
been reached, the welding operation is started. Natural- 
ly, the presence of G^ does not jeopardize welding, 
since In the area affected by the laser beam the welding 
melted bath fills this gap locally. 
[0025] With reference to figure 6, which relates to an 
example of application, of the method according to the 
invention to welding of the outer and Inner metal sheets 
constituting the body of a motor-vehicle along the base 
portion of a door aperture, the welding device is driven 
to carry put laser welding along portions W (figure 6). 
Figures 7 to 9 specifically show the shape of the sheets 
to be welded in this starting stage of the method, in the 
intermediate stage where the flanges to be welded are 
completely in contact (figure 8) and in the stage in which 
the flanges are partially spaced part, during which weld- 
ing is carried out (figure 9). 

[0026] As already indicated, the structure of the weld- 
ing devices and the means for moving the laser t>eam 
are not shovwn, since they can be made in any known 
way. Naturally, applications of the invention are not ex- 
cluded in which it is the piece to be welded which moves 
relative to the laser beam. 

[0027] As clearly apparent from the foregoing descrip- 
tion, the invention lies in providing a gap G^ between 
two zinc-plated steel sheets which are to be welded by 
a laser beam, in a simple and efficent manner, whitout 
requiring operations for permanently deforming the 
sheets before welding, or for adding spacing elements 
there between. While laser welding is carried out, the 
presence of G^ enables the zink vapours to escape, so 
that these vapours are not compelled to pass through 
the welding bath and therefore do not generate any 
welding defects. 

[0028] Obviously, the invention is applicable both 
when all the sheets have a protective layer, and also 
when only one of them has this layer. 
[0029] Furthermore, the application of the invention is 
not excluded also too non-protected sheets. 
[0030] Naturally, while the principle of the invention 
remains the same, the details of contruction and the em- 
bodiments may widely vary with respect to what has 
been described and illustrated purely by way of exam- 
ple, without departing from the scope of the present in- 
vention. 



Claims 

1. Method for laser welding of two or more metal 
sheets (1,2) which are overiapped with each other, 
wherein at least one of the sheets (1,2) has a pro- 
tective layer (la, 2a) on its isurface in conctat with 
an other sheet, said layer being made of a material 
having a vaporization temperature lower than the 
melting temperature of the metal forming the sheet, 
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wherein the sheets (1,2) to be welded are 
clamped with each other during the welding 0F>era- 
tlon with the aid of clamping means (5) which are 
moveable between an inoperative condition and an 
operative condition to press the overlapped sheets 5 
(1,2) against each other, and 

where in welding is carried out by directing a 
laser beam (L) at the welding area (W of the 
clamped overiapped sheets (1 ,2), 

characterised In that: io 

at least one of the sheets (1 ,2) is shaped or ar- 
ranged such that when the clamping means (5) 
are brought from their inoperative condition to 
their operative condition, in which the clamping is 
means (5) press the sheets (1 ,2) against each 
other, this sheet (1) undergo an elastic defor- 
mation from a rest condition in which a gap (G) 
is defined between this sheet and the adiacent 
sheet (2). to a defomned condition in which this 20 
gap is nullified and the sheets are completely 
in contact with each other at the welding area, 
and 

in that before welding is carried out the 25 
clamping means are controlled according to the fol- 
lowing sequence of stages: 

in a first stage the clamping means (5) are 
brought from their inoperative condition to their 30 
operative condition so as to ensure the com- 
plete contact of the sheets (1,2) to be welded 
due to said elastic defomnation, 
in a second stage the clamping means (5) are 
moved back towards their inoperative condi- 3S 
tion, through a preditermined limited length, so 
as to create again a gap (G^) having substan- 
tially predetermined dimensions between the 
sheets (1,29 to be welded by exploiting the 
elastic return of the sheet (1 ) which is elastically 40 
deformed during the first stage, 
the clamping means (5) are kept in the condi- 
tion reached thereby during welding so that the 
vapours of protective material which are gener- 
ating during welding can escape through said ^s 
gap(Gi). 

2. Welding method according to claim 1, character- 
ised in that said clamping means are provided with 
sensor means able to detect the reaching of the so 
condition of complete contact of the sheets (1,2) at 
the end of the first stage. 

3. Welding method according to claim 2, character- 
ised in that the clamping means (5) comprise at ss 
least one movable member (8) which is movable be- 
tween an Inoperative position and an operative |x>- 
sitlon by actuating means which are controlled in 



position. 

4. System for laser welding of two or more metal 
sheets which are overiapped with each other, 

wherein at least one of the sheets has a pro- 
tective layer (la, 2a) on its surface In contact with 
another sheet, said layer of protective material hav- 
ing a vaporization temperature lower than the melt- 
ing temperature of the material forming the sheets, 

said system comprising: 

clamping means (5) for clamping the sheets 
(1,2) to be welded to each other during the 
welding o|3eration, said clamping means (5) be- 
ing movable between an inoperative condition 
and an operative condition to press the over- 
tapped sheets (1,2) against each other, 
means for laser welding able to direct a laser 
beam (L) at the welding area (W) of the 
clamped overiapped sheets (1,2), 
said system being characterised in that: 

at least one of the sheets (1) is shaped or 
arranged such that when the clamping 
means are brought from their inoperative 
condition to their operative condition, in 
which they press the sheets (1 .2) against 
each other, said sheet (1) undergoes an 
elastic deformation from a rest condition in 
which a gap (G) is defined t>etween this 
sheet and the adiacent sheet, to a de- 
formed condition in which this gap (G) is 
nullified and the sheets are completely in 
contact with each other at the welding area 

and in that said device further comprises ac- 
tuating means (10) for said clamping means (5), 
which are controlled such that: 

In a first stage, the clamping means (5) are 
brought from their inoperative condition to thei 
operative condition so as to insure the complete 
contact of the sheets (1,2) to be welded due to 
said elastic deformation, 
in a second stage the clamping means (5) are 
moved backwardly to their inoperative condi- 
tion, through a predetermined limited length, so 
as to create again a gap (G^) of substantlaly 
preditermined dimensions between the sheets 
(1 ,2) to t>e welded, by exploiting the elastic re- 
tum of said sheet (1) which is elastically de- 
formed in the first stage, 
the clamping means (5) are kept in the condi- 
tion reached therekyy while welding is carried 
out, so that the vapours of the protective mate- 
rial which are generated during welding can es- 
cape through said gap (G^). 
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5. Welding system according to claim 4. character- 
ised in that said clamping means (5) are provided 
with sensor means (11) adapted to detect the con- 
dition of complete contact of the sheets, in that said 
actuating means (10) are controlled by control 5 
means (13) which receive the output signals from 
said sensor means (11) and cause the damping 
means (5) to stop in the condition of complete con- 
tact of the sheets, at the end of said first stage. 

6. Welding system according to claim 5, character- 
ised in that the clamping means (5) comprise at 
least one movable member (8) movable between 
an inoperative position and an operative position 
and that said control means cause the clamping 
member (5) to stop at the end of said second stage, 
when they detect that a predetermined position has 
been reached. 

7. Welding system according to claim 6, character- 
ised in that said actuating means (1 0) are selected 
among electric motors, fluid actuators, piezoelectric 
actuators, shape memory alloy actuators or the like. 

8. Device for clampling with each other two or more 
overlapped metal sheets (1, 2), which are to be 
welded, characterised in that it comprises: 

at least one clamping movable member (8), 
which is movable between an inoperative con- 
dition and an operative condition to press the 
overiapped sheets (1,2) against each other, 
actuating means (10) for actuating the clamp- 
ing movable member (8), 
pressure sensor means (11) able to detect the 
condition in which the clamping device keeps 
the sheets (1 , 2) In complete contact with each 
other, 

control means (13) which receive the signals 
from said sensor means (11) and control said 
actuator means (10) so that: 

in a first stage, the clamping member (8) is 
brought from its inoperative condition to its 
operative condition and stopped when a 
predetermined value of pressure Is detect- 
ed by said pressure sensor means, 
in a second stage, the clamping member 
(5) is moved back towards its inoperative 
condition, by a limited length, until a prede- 
termined position is reached. 



during said second stage, after that the two parts 
(8A, 8B) have rotated together with respect to the 
support (6) during said first stage. 

10. Clamping device according to claim 8, character- 
ised In that the clamping movamble meml>er (8) 
comprises a main part (8A) pivotally connected to 
a support (6) and an active part (8B) which is rigidly 
connected to the main part (8A). the entire structure 
of the movable member been moved back towards 
its inoperative position in said second stage. 

11. Clamping device according to claim 9. character- 
ised In that also said support is movable t>etween 
an inoperative position and an operative position. 

1 2. Clamping device according to claim 9. character- 
ised In that the entire stmcture of the device is 
mounted with the possibility of a limited adjusting 
movement, for self-centering of the structure to be 
welded. 

1 3. Sheets metal structure, comprising at least two met- 
al sheets overiapped and welded to each other by 
means of the method according to claim 1 . 

14. Motor vehicle body, characterised in that it com- 
prises a structure according to claim 13. 
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9. Clamping device according to claim 8, character- 
ised In that the clamping movable member (8) 
comprises a main part (8A) which is pivotally con- 55 
nected to a support (6) and an active part (8B) which 
is siidably mounted on the main part (8A), said ac- 
tive part been movable with respect to the main part 
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